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Deﬁning Normative Values
for 3D LV Volumes
The Devil Is in the Details
In their population-based study, Chahal et al. (1) reported average
values of 49  9 ml/m2 and 42  8 ml/m2 for 3-dimensional
echocardiography (3DE) end-diastolic volumes (EDV) in healthy
European men and women, respectively. These volumes are signif-
icantly lower than those reported by other researchers who per-
formed similar studies: 66  10 ml/m2 and 58  8 ml/m2,
respectively, found by Aune et al. (2); and 55  7 ml/m2 and 49 
ml/m2, respectively, reported by Kaku et al. (3) for the same age
roup. Even Fukuda et al. (4), who studied a Japanese population
significantly smaller body size than Europeans), found larger
DV: 50  12 ml/m2 and 46  9 ml/m2 in men and women,
respectively. Interestingly, none of these previous studies has been
referenced and discussed by Chahal et al. (1).
On the other end, the upper normal values (mean values2 SD)
for 3D end-diastolic and end-systolic volumes reported by Chahal
et al. (1) (e.g., 67 ml/m2 and 29 ml/m2, respectively, in males) are
ower than the 2-dimensional echocardiography (2DE) upper
ormal limits reported in current guidelines (75 ml/m2 and 30
l/m2, respectively) (5), contradicting all previous studies showing
greater underestimation of volumes measured by 2DE than by
DE. Finally, making a simple calculation from the data provided
n Table 1 in that paper (1), it seems that the European subjects
ere in low-flow state (stroke volume index 30 ml/m2 in men and
26 ml/m2 in women).
These data raise the issue of the accuracy of the measurements
performed in this study, particularly when no reference (or at
least comparison) modality, such as the simple stroke volume
measured with 2DE and Doppler, has been provided. One
possible explanation of the underestimation of the left ventric-
ular volumes reported by Chahal et al. (1) may be the limited
experience of the sonographers who performed measurements as
stated by the authors (“ . . . all underwent a 4-week period of
training in 3DE volume acquisition and off-line analysis by the
vendor representative at the beginning of the study”) and
underlined in the accompanying editorial (6). The effect of the
reader experience on accuracy of 3D left ventricular volume
measurements has been documented (7).
We concur with the idea that development of normative
values is the first step for effective application of 3DE in clinical
routine (6), and a meta-analysis of existing data could be a good
start (8). However, there is a clear need to check the reliability
of the data, too. Comparison with existing data and internal
validation with stroke volume obtained by 2D and Dopplerechocardiography may be a simple and practical way of checking
results.
“However beautiful the strategy,
you should occasionally look at the results.”
—Sir Winston Churchill (9)
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REPLY
We thank Dr. Badano for showing an interest in our study and also
for highlighting 2 other studies which we believe, despite being
obviously dissimilar in design, report similar mean 3-dimensional
echocardiographic (3DE) indexed left ventricular (LV) volumes as
we observed in our European white subjects.
The study by Kaku et al. (1) recruited 322 hospital employees,
relatives of employees, or volunteers from 3 institutions in America
and Japan; among subjects 40 to 59 years of age, they reported
end-diastolic volume index (EDVi) values of 55  7 ml/m2 and
9  6 ml/m2, respectively, for men and women, with an inferred
stroke volume index (SVI) of 35 ml/m2. In the JAMP-3D
Japanese Normal Values for Echocardiographic Measurements
roject) study (2), Fukuda et al. recruited 410 volunteers from 23
nstitutions (18 studies per institution), using 6 different ultra-
ound platforms that required 4 different software packages for
olume analysis. They reported EDVi values of 50 12 ml/m2 and
46  ml/m2, with SVIs of 34 and 36 ml/m2, respectively, for men
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Letters to the Editor 531and women. Neither study mentions the experience of the sonog-
raphers who acquired the 3D volume datasets. Both studies also
suggest that their subjects were in a low-flow state (35 ml/m2),
although this cutoff is based on aortic Doppler measurements,
rather than indexed LV volumes.
In our study, the mean LV EDVi values were 49  9 ml/m2 and
2 ml/m2 for European men and women, respectively. We under-
ook a single center study of 2,300 subjects from the community
sing a single vendor platform with the same commercially available
oftware. Image acquisition and analysis were restricted to 3 and 2
chocardiography fellows, respectively, in whom this expertise
ecame highly developed within a short timeframe. Importantly,
hey were adept at performing contrast echocardiography in a
enowned laboratory, with 1 fellow having previously compared the
ccuracy of contrast 2-dimensional echocardiographic (2DE) LV
olumes with cardiovascular magnetic resonance (CMR) imaging
3). This training improved their ability to appreciate the true
ndocardial border in suboptimal unenhanced images—a skill that
ould have improved the poor contour tracing evident in the paper
y Aune et al. (4), where there was clear encroachment of
ontouring into the myocardial and epicardial layers, hence, the
ignificant overestimation of LV volumes in this study.
The widely held assumption made by Dr. Badano that 3DE LV
olumes should be substantially higher than those obtained by 2DE
as challenged, and contradicted, by sobering data recently pre-
ented at EuroEcho 2012 (5). In a multicenter setting, the accuracy
f 2D and 3D contrast-enhanced echocardiography was compared
ith unenhanced echocardiography for the assessment of LV
olumes and ejection fraction, with CMR imaging as the reference.
nenhanced 3DE left ventricular EDV was 107 ml compared with
n unenhanced 2DE EDV of 119 ml. When contrast-enhanced
DE was performed, the EDV approximated that of unenhanced
DE, but still remained lower than the volumes obtained from the
D contrast-enhanced scans. An identical phenomenon was ob-
erved with end-systolic volume. Inter-reader variability of unen-
anced 3DE LV volumes and ejection fraction was the highest of
ny of the techniques, but considerably improved with contrast.On a final point, with respect to our 3DE LV volumes being
ower than the 2DE LV volumes cited in the current chamber
uantification guidelines (6), Dr. Badano may wish to exercise some
aution when he applies them in his daily practice, because they
ppear to be based on a study of only 52 healthy hospital employees
rom 1983 (7). The devil is indeed in the details.
Navtej S. Chahal, MBBS, Roxy Senior, MBBS*
*Biomedical Research Unit, Royal Brompton Hospital, Sydney
Street, SW3 6NP, London, United Kingdom.
E-mail: r.senior@rbht.nhs.uk
http:dx.doi.org/10.1016/j.jcmg.2013.02.001
R E F E R E N C E S
1. Kaku K, Takeuchi M, Otani K, et al. Age- and gender-dependency of left
ventricular geometry assessed with real-time three-dimensional transtho-
racic echocardiography. J Am Soc Echocardiogr 2011;24:541–7.
2. Fukuda S, Watanabe H, Daimon M, et al. Normal values of real-time
3-dimensional echocardiographic parameters in a healthy Japanese pop-
ulation: the JAMP-3D Study. Circ J 2012;76:1177–81.
. Lim TK, Burden L, Janardhanan R, et al. Improved accuracy of
low-power contrast echocardiography for the assessment of left ventric-
ular remodeling compared with unenhanced harmonic echocardiography
after acute myocardial infarction: comparison with cardiovascular mag-
netic resonance imaging. J Am Soc Echocardiogr 2005;18:1203–7.
. Aune E, Baekkevar M, Rodevand O, Otterstad JE. Reference values for
left ventricular volumes with real-time 3-dimensional echocardiography.
Scand Cardiovasc J 2010;44:24–30.
. Hoffman R, Barletta G, von Bardeleben S, Vanoverschelde J, Kasprzak J,
Greis C, Becher H. Clinical value of contrast enhancement for the
assessment of LV cardiac function using live 3D echocardiography:
results from a multicentre study in comparison to cath lab and cardiac
MRI. EuroEcho Congress, Athens, 2012.
. Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber
quantification: a report from the American Society of Echocardiography’s
Guidelines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European Association
of Echocardiography, a branch of the European Society of Cardiology.
J Am Soc Echocardiogr 2005;18:1440–63.
. Wahr DW, Wang YS, Schiller NB. Left ventricular volumes determined
by two-dimensional echocardiography in a normal adult population. J Am
Coll Cardiol 1983;1:863–8.
